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(57) ABSTRACT

A high pressure discharge lamp lighting device includes: a
DC power supply circuit that 1s supplied with a DC voltage
and performs current control to supply a predetermined con-
stant power to a high pressure discharge lamp; an inverter that
converts an output current of the DC power supply circuit into
an AC current having a predetermined frequency and supplies
a driving current to the high pressure discharge lamp; and a
control unit that controls the DC power supply circuit and the
inverter. In the high pressure discharge lamp lighting device,
the control unit superposes a current pulse asynchronous with
the driving current on the driving current.
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DISCHARGE LAMP LIGHTING DEVICE AND
PROJECTOR

BACKGROUND

1. Technical Field

The present invention relates to a high pressure discharge
lamp lighting device and a projector including the same, and
more specifically, to a technique for preventing tlicker.

2. Related Art

Intherelated art, for example, the following method 1s used
in a high pressure discharge lamp lighting device used for a
light source of a projector in order to stabilize the discharge
arc 1n a high pressure discharge lamp (heremafter, referred as
a lamp): when an AC lamp current 1s supplied to a high
pressure discharge lamp to turn on the high pressure dis-
charge lamp, a current pulse having a period obtained by
dividing half the period of the lamp current by a predeter-
mined value 1s generated, the polarity of the current pulse
becomes 1dentical to the polarity of the lamp current, and a
latter part of the half period of the current pulse 1s superposed
on the lamp current ({or example, JP-T-10-501919 (see
claims and FIG. 4).

In the related art, the current pulse 1s superposed on the AC
lamp current 1n synchronization with a latter part of the half
pertiod of the AC lamp current. Therefore, temperature
increases 1n the electrodes 1n the lamp, and a discharge arc
stably occurs, which prevents tlicker. When the lamp 1s used
as, for example, a light source of a projector, the brightness on
a screen increases for a time corresponding to the superposi-
tion of the current pulse on the lamp current, which 1s an
adverse eflect. Since the current pulse i1s synchronously
superposed on the lamp current, a partially bright portion 1s
fixed at a predetermined position on the screen, which causes
problems that the brightness on the screen 1s not uniform and
a stripe occurs on the display screen.

SUMMARY

An advantage of some aspects of the mvention 1s that it
provides a high pressure discharge lamp lighting device
capable of preventing flicker and preventing a stripe from
occurring on a display screen and a projector including the
same.

According to an aspect of the invention, a high pressure
discharge lamp lighting device includes: a DC power supply
circuit that 1s supplied with a DC voltage and performs cur-
rent control to supply a predetermined constant power to a
high pressure discharge lamp; an inverter that converts an
output current of the DC power supply circuit into an AC
current having a predetermined frequency and supplies a
driving current to the high pressure discharge lamp; and a
control unit that controls the DC power supply circuit and the
inverter. In the high pressure discharge lamp lighting device,
the control unit superposes a current pulse asynchronous with
the driving current on the driving current. In this aspect, the
current pulse 1s superposed on the driving current 1n order to
stabilize the discharge arc occurring in the high pressure
discharge lamp, which makes 1t possible to prevent flicker
caused by a vaniation in the shape of a leading end of the
clectrodes 1n the high pressure discharge lamp. In addition,
the superposed current pulse 1s asynchronous with the driving,
current, and the relationship between the current pulse and the
driving current i1s random. Therefore, even when the high
pressure discharge lamp lighting device 1s used for a projec-
tor, the current pulse causes a corresponding portion of the
display screen to be bright, but the bright portion 1s not fixed,
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which makes 1t difficult for a viewer to view the bright por-
tion. As a result, the viewer cannot recognize the bright por-
tion as a stripe on the display screen.

In the high pressure discharge lamp lighting device accord-
ing to this aspect, preferably, the control unit adjusts the width
and/or height of the current pulse according to the power
supplied to the high pressure discharge lamp. According to
the above-mentioned structure, the control unit performs con-
stant power control on the high pressure discharge lamp and
adjusts the width and/or height of the current pulse according
to the power. Therefore, 1t 1s possible to stably generate an AC
arc and prevent an excessively large amount of energy from
being supplied to the electrodes 1n the high pressure discharge
lamp. As aresult, 1t 1s possible to prevent the electrodes in the
high pressure discharge lamp from wearing off.

In the high pressure discharge lamp lighting device accord-
ing to the above-mentioned aspect, preferably, the control
unit includes a frequency regulator for setting the frequency
of the current pulse, and the control unit set the frequency of
the current pulse on the basis of the frequency set by the
frequency regulator. According to the above-mentioned
structure, the control unit sets the frequency of the current
pulse on the basis of the frequency set by the frequency
modulator. Therefore, the control unmit can arbitrarily set the
frequency of the current pulse.

In the high pressure discharge lamp lighting device accord-
ing to the above-mentioned aspect, preferably, the control
unmt superposes the current pulse on the second half of the
pulse width of the driving current. According to the above-
mentioned structure, the current pulse 1s superposed on the
second half of the pulse width of the driving current, which
makes 1t possible to effectively stabilize the discharge arc in
the high pressure discharge lamp and to prevent tlicker.

In the high pressure discharge lamp lighting device accord-
ing to the above-mentioned structure, preferably, the control
unit randomly superposes the current pulse on the second half
of the pulse width of the driving current. According to the
above-mentioned structure, since the current pulse 1s super-
posed on the second half of the pulse width of the driving
current 1t 1s possible to effectively stabilize the discharge arc
in the high pressure discharge lamp. Even when the high
pressure discharge lamp lighting device 1s used for a projec-
tor, the position of the current pulse 1s not fixed, which makes
it possible to prevent flicker on the display screen.

In the high pressure discharge lamp lighting device accord-
ing to the above-mentioned aspect, preferably, the control
unit generates a reference pulse for generating the current
pulse, blocks a portion of the reference pulse corresponding
to the first half of the pulse width of the driving current, and
superposes the current pulse on the second half of the pulse
width of the driving current on the basis of the other portions
of the reference pulse that are not blocked.

According to another aspect of the invention, a projector
includes: a high pressure discharge lamp; the high pressure
discharge lamp lighting device according to the above-men-
tioned aspect; liquid crystal display panels; an optical system
that guides light emitted from the high pressure discharge
lamp to the liquid crystal display panels; and a projecting unit
that projects 1mages displayed on the liqud crystal display
panels onto a screen. In the projector, the frequency of a
current pulse of the high pressure discharge lamp lighting
device 1s different from the frequencies of vertical synchro-
nization signals of the liquid crystal display panels. Accord-
ing to this aspect of the invention, the frequency of the current
pulse of the high pressure discharge lamp lighting device 1s
different from the frequencies of the vertical synchronization
signals of the liquid crystal display panels, and the current
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pulse causes a corresponding portion on the display screen to
be bright. However, the current pulse 1s inserted into a ditfer-
ent position of each frame of the display screen, and the bright
position 1s not fixed, which makes 1t difficult for a viewer to
view the bright portion. As a result, the viewer cannot recog-
nize the bright portion as a stripe on the display screen.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described with reference to the
accompanying drawings, wherein like numbers refer like ele-
ments.

FI1G. 11s a block diagram 1llustrating the structure of a high
pressure discharge lamp lighting device according to a first
embodiment of the invention.

FIGS. 2A-F are timing charts illustrating signal waveforms
for generating a lamp current shown m FIG. 1.

FIG. 3 1s a drawing illustrating an example of a display
screen when the high pressure discharge lamp lighting device
shown 1n FIG. 1 1s used as a light source of a projector.

FIGS. 4A-F are timing charts illustrating signal waveforms
for generating the lamp current shown i FIG. 1.

FIG. 5 1s a diagram 1llustrating the structure of an optical
system ol a projector incorporating the high pressure dis-
charge lamp lighting device according to the first embodi-
ment with an 1llumination optical system.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

FI1G. 11s a block diagram 1llustrating the structure of a high
pressure discharge lamp limiting device according to a first
embodiment of the invention. The high pressure discharge
lamp lighting device shown 1n FIG. 1 includes a down chop-
per 11, an mverter 12, an 1igniter 13, a DC/DC converter 14,
and a control circuit 15. A lamp 20 1s connected to output
terminals of the 1igniter 13. The down chopper 11 corresponds
to a DC power supply circuit according to the embodiment of
the invention and adjusts an input DC voltage to supply a
predetermined constant power to the lamp 20. In this embodi-
ment, the down chopper 11 performs a chopper process on an
input voltage to drop the input voltage and performs current
control to supply a predetermined constant power to the lamp
20. A current output from the down chopper 11 1s mput to the
inverter 12. Resistors R1 and R2 are connected 1n parallel to
output terminals of the down chopper 11, and the potential of
a node between the resistors R1 and R2 is supplied to the
control circuit 15 as an output voltage of the down chopper
11. A resistor R3 1s connected 1n series to a negative potential
side of the down chopper 11. A current flowing through the
resistor R3 1s detected as a lamp current (driving current) and
1s supplied to the control circuit 15.

The inverter 12 1s composed of, for example, four switch-
ing elements connected to one another 1n a full bridge manner.
The inverter 12 alternately switches the four switching ele-
ments to convert an 1nput DC voltage to an AC voltage, and
the converted AC voltage 1s output to the i1gniter 13. The
igniter 13 includes, for example, an 1gniter transformer and a
circuit for driving the 1gniter transformer, and generates a
high voltage when turning on the lamp 20 and applies the high
voltage to the lamp 20. The DC/DC converter 14 generates a
driving voltage for the control circuit 15. The DC/DC con-
verter 14 drops an mput voltage and supplies the dropped
voltage to the control circuit 15. The control circuit 135 1s
composed of, for example, a microprocessor, and controls the
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down chopper 11, the mverter 12, and the igniter 13. The
control circuit 15 1s supplied with an output voltage and
current from the down chopper 11 and controls an output
current of the down chopper 11 such that constant power 1s
supplied to the lamp 20. In addition, the control circuit 15
approprately controls an output frequency of the mverter 12
and controls the 1gniter 13 to generate a high voltage when
turning on the lamp 20. An external control IF 154 for rece1v-
ing control signals from the outside and a variable resistor VR
are connected to the control circuit 15. The variable resistor
VR corresponds to a frequency regulator used 1n the mnven-
tion, and the variable resistor VR 1s adjusted to regulate the
frequency of current pulses (which will be described later)
superposed on the lamp current. The lamp 20 1s, for example,
a reflective light source device. In the lamp 20, a light-emiat-
ting tube 21 1s fixed to the center of a reflecting mirror 22 with
a heat-resistant cement interposed therebetween.

Next, the operation of the high pressure discharge lamp
lighting device shown 1n FIG. 1 will be described below. The
down chopper 11 performs a chopper process on an input DC
voltage to drop the mput DC voltage and outputs a current
corresponding to the dropped DC voltage to the mverter 12.
The inverter 12 converts the mput DC current into an AC
current having a predetermined frequency and outputs the AC
current to the igmiter 13. The 1gniter 13 generates a high
voltage when the lamp 20 starts to be turned on and supplies
the high voltage to the lamp 20. When the lamp 20 1s turned
on, the output voltage of the inverter 12 1s applied to the lamp
20, which causes the lamp to be maintained in the on state. In
this case, the control circuit 15 1s supplied with the output
voltage and output current of the down chopper 11 and con-
trols the down chopper 11 such that constant power 1s sup-
plied to the lamp 20. However, 1n this embodiment, in order to
stabilize a discharge arc occurring in the lamp 20, the control
circuit 15 controls the down chopper 11 such that a current
pulse 1s superposed on a lamp current supplied to the lamp 20.
A detailed description thereof will be made with reference to
FIG. 2.

FIG. 2 1s a timing chart illustrating signal waveforms for
generating the lamp current shown i FIG. 1. In FIG. 2, the
character A indicates a reference pulse string, and the char-
acter B indicates a lamp lighting wavetform corresponding to
a lamp current (a square-wave current flowing from the
inverter to the lamp) without a current pulse string. The char-
acter C 1mndicates a pulse string superposed on one polarity of
the lamp lighting waveform B, and the character D 1s a pulse
string superposed on the other polarty of the lamp lighting
wavelorm B. Since the polarity of the pulse string D 1s oppo-
site to the polarity of the pulse string C, the pulse string D 1s
inverted for use. The character F indicates a waveform
obtained by superposing the pulses C and E on the lamp
lighting waveform B, and a lamp current corresponding to the
lamp current wavetorm F 1s supplied to the lamp 20. When the
high pressure discharge lamp lighting device 1s applied to a
display apparatus, such as a projector, the frequency of the
lamp lighting wavetform B 1s set so as to correspond to the
frequency (for example, 50 Hz, 60 Hz, or 72 Hz) of a vertical
synchronization signal of a display screen (for example, 90
Hz), in order to prolong the life span of the lamp 20. In this
embodiment, the frequency of the reference pulse string A 1s
different from the frequency of the lamp lighting wavetform
B, and the reference pulse string A 1s set so as not to synchro-
nize with the lamp lighting waveform B. That 1s, when the
pulse strings C and E are superposed on the lamp lighting
wavelorm B to generate the lamp lighting waveform F, the
pulse strings C and E are not fixed to a portion of the lamp
lighting wavetorm F. Therefore, the frequency of the refer-




US 7,511,433 B2

S

ence pulse string A 1s set 1n the range of 74 Hz to 88 Hz. The
superposition of the pulse strings C and E causes the bright-
ness of the lamp 20 to be high at that time, but the pulse strings
C and E are not fixed to a portion of the lamp lighting wave-
form F. Therefore, when the high pressure discharge lamp
lighting device 1s used as a light source of a projector, a bright
position of the projector 1s not fixed, but 1s moved, which
makes 1t difficult for a viewer to recognize the bright position

on the entire display screen. As a result; the viewer does not
care about the brightness on the display screen.

Therelore, as described above, 1n order to superpose cur-
rent pulses to obtain a lamp current corresponding to the lamp
lighting wavetorm F, the control circuit 15 makes a control
instruction value when controlling the output current of the
down chopper 11 have the lamp lighting wavetorm F, or
reduces the feedback amount of the current output from the
down chopper 11 by the superposed current pulse.

The control circuit 15 changes the width and height of the
superposed current pulse of the lamp lighting pulse F on the
basis of the power supplied to the lamp 20. For example, the
width Iw2 and the height Ip2 of the superposed current pulse
are set to about 3% of the width Iw1l and the height Ipl of a
portion of the lamp power, which 1s a reference value, corre-
sponding to the lamp lighting waveform B, respectively, and
are appropriately changed according to a variation in the lamp
power. When the width and height of the current pulse are
excessively small, an unstable AC arc 1s generated. Therefore,
in order to generate a stable AC arc, the width and/or height of
the current pulse are adjusted to have suitable values and the
adjusted values are supplied. When the current pulse has
excessively large width and height, an excessively large
amount of energy 1s supplied to the electrodes 1n the lamp 20,
and the electrodes wear ofl. In order to prevent the electrodes
from wearing oif, the width and height of the current pulse are
adjusted to have suitable values and the adjusted values are
supplied. In addition, the frequency of the reference pulse
string A can be adjusted to an arbitrary value by adjusting the
resistance of the variable resistor VR. For example, 1t 1s pos-
sible to adjust the resistance of the variable resistor VR while
viewing the display screen for a projector.

FIG. 3 1s a drawing illustrating an example of a display
screen when the high pressure discharge lamp lighting device
shown 1 FIG. 1 1s used as a light source of a projector. As
shown 1n FIG. 3, a sparse belt (bright portion) like fog 1s not
fixed at a predetermmed position, but 1s repeatedly moved 1n
the vertical direction, which makes 1t difficult for a viewer to
view the belt. As a result, 1t seems that no stripe occurs on the
display screen (the bright portion like belt 1s notrecognized as
a stripe), and thus the viewer 1s not bothered by the strlpe on
the display screen. In the related art (JP-T-10-501919), since
the current pulse string synchronizes with the lamp lighting
wavelorm, the sparse belt shown 1n FIG. 3 1s displayed at a
fixed position on the screen and displayed as a stripe at a
predetermined position, and thus the viewer can not view the
screen cleanly.

In the above-described first embodiment, the current pulse
1s superposed on the lamp current in order to stabilize the
discharge arc occurring in the lamp 20, which makes 1t pos-
sible to prevent flicker caused by the deterioration of the
quality of the lamp 20 over time. In addition, the superposed
current pulse does not synchronize with the lamp current, and
the relationship between the current pulse and the lamp cur-
rent 1s random. Even when the high pressure discharge lamp
lighting device 1s used for, for example, a projector, the super-
posed current pulse causes a corresponding portion of the
display screen to be bright, but the bright position 1s not fixed,
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which makes 1t difficult for a viewer to recognize the bright
portion. As a result, a stripe does not appear on the display
screen.

Second Embodiment

FIG. 4 1s a timing chart 1llustrating another example of the
signal waveforms for generating the lamp current shown 1n
FIG. 1. In FIG. 4, the character G indicates a mask pattern.
When pulses 1n pulse strings C and E are disposed at the first
half of the pulse width of a lamp lighting waveform B, such
pulses are masked by the mask pattern G. Only when pulses
in the pulse strings C and E are disposed at the second half of
the pulse width of the lamp lighting wavelform B, such pulses
are superposed on the lamp lighting wavetform B. In this way,
the pulse strings C and E are superposed on the second half of
the pulse width of the lamp lighting waveform B to generate
a lamp lighting wavetform F. Since the position of the super-
posed pulse string 1s not fixed, the same effect as that in the
first embodiment can be obtained. In addition, the current
pulse 1s superposed on the second half of the pulse width of
the lamp current, which makes 1t possible to stabilize the
discharge arc of the lamp 20 and thus effectively prevent

flicker.

Third E

Embodiment

FIG. 5 1s a diagram 1llustrating the structure of an optical

system of a protector, which 1s an assembly of the high pres-
sure discharge lamp lighting device according to the first or
second embodiment and an 1llustration optical system. A high
pressure discharge lamp lighting device 10 shown 1n FIG. 5
corresponds to the high pressure discharge lamp lighting
device 10 shown in FIG. 1. In this embodiment, the frequency
of the superposed current pulse differs from the frequency of
the driving current of the lamp 20 and the frequencies of
vertical synchronization signals of liquid crystal display pan-
els 250, 252, and 254.
The prOJector includes an illustration optlcal system 100,
dichroic mirrors 210 and 212, reflecting mirrors 220, 222, and
224, an incident-side lens 230, a relay lens 232, three field
lenses 240, 242, and 244, three liquid crystal display panels
250, 252, and 254, polarizing plates 251, 253, 255, 256, 257,
and 258 arranged on the emission sides and the incident sides
of the liquid crystal display panels, a cross dichroic prism
260, and a projection lens 270.

The 1llumination optical system 100 includes a high pres-
sure discharge amp 20 for emitting a substantially parallel
light beam, an illuminating device 120, a retlecting mirror
150, and a condenser lens 160. The high pressure discharge
lamp 20 1s composed of a light-emitting tube 21 (see FI1G. 1),
serving as a radial light source for emitting a radial light
beam. The light beam emitted from the high pressure dis-
charge lamp 20 1s incident on the 1lluminating device 120, and
the 1lluminating device 120 emits a light beam having uni
form brightness. The light beam is reflected from the reflect-
ing mirror 150 to be incident on the condenser lens 160. The
condenser lens 160 makes the light beam having uniform
brightness that 1s emitted from the illustrating device 120
incident on the liquid crystal display panels 250, 252, and
254,

The two dichroic mirrors 210 and 212 form a color light
separating optical system 214 that separates the light emaitted
from the illumination optical system 100 into three light
beams, that 1s, a red (R) light beam, a green (G) light beam,
and a blue (B) light beam. The first dichroic mirror 210
transmits the red light beam of the light beams emitted from
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the 1llumination optical system 100, but reflects the blue light
beam and the green light beams.

The red light beam passing through the first dichroic mirror
210 1s reflected from the retlecting mirror 220 to be incident
on the red liquid crystal display panel 250 through the field
lens 240. The field lens 240 has a function of condensing light
beams such that the light beams are parallel to the main light
beam (central axis) of the light beams. The other field lenses
242 and 244 provided in front of the corresponding liquid

crystal display panels have the same function as the field lens
240.

Of the blue light beam and the green light beam reflected
from the first dichroic mirror 210, the green light beam 1s
reflected from the second dichroic mirror 212 to be incident
on the green liquid crystal display panel 252 through the field
lens 242. Meanwhile, the blue light beam passes through the
second dichroic mirror 212 and further passes through a relay
lens system including the incident-side lens 230, the relay
lens 232, and the reflecting mirrors 222 and 224. The blue
light beam passing through the relay lens system 1s incident
on the blue liquid crystal display panel 254 through the field
lens 244.

The three liquid crystal display panels 250, 252, and 254
serve as light modulating devices for converting the incident
red, green, and blue light beams into light components for
forming an 1image on the basis of input 1image signals. The
polarizing plates 256, 257, and 258 are provided on the inci-
dent sides of the liquid crystal display panels 250, 252, and
254, respectively, and the polanzing plates 251, 253, and 2535
are provided on the emission sides of the liquid crystal display
panels 250, 252, and 254, respectively. The polarizing plates
adjust the polarizations of the red, green, and blue light
beams. The light beams passing through the liquid crystal
display panels 250, 252 and 254 are incident on the cross
dichroic prism 260.

The cross dichroic prism 260 serves as a color combining,
optical system for combining the red, green, and blue light
beams emitted from the three liquid crystal display panels
250,252, and 254. In the cross dichroic prism 260, a dielectric
multi-layer film for reflecting the red light beam and a dielec-
tric multi-layer film for retlecting the blue light beam are
provided at interfaces among four right-angled prisms in a
substantially X shape. The dielectric multi-layer films com-
bine three color light beams to form a combined light beam
for protecting a color image. The combined light beam gen-
crated by the cross dichroic prism 260 1s incident on the
protection lens 270, and 1s then projected onto a projection
screen 300. In this way, the images displayed by the liquid
crystal display panels 250, 252, and 254 are projected onto the
projection screen 300.

As described above, 1in the third embodiment, the fre-
quency of the superposed current pulse of the discharge lamp
lighting device differs from the frequency of the lamp current
of the lamp 20 and the frequencies of the vertical synchroni-
zation signals of the liquid crystal display panels 250, 252,
and 254. Therefore, the superposed current pulse causes a
corresponding portion of the display screen to be bright, but
the bright position 1s not fixed, which makes 1t difficult for a
viewer to recognmze the bright portion. As a result, a stripe
does not appear on the display screen.
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The entire disclosure of Japanese Patent Application Nos:
2006-33490, filed Feb. 10, 2006 1s expressly incorporated by
reference herein.

What 1s claimed 1s:

1. A high pressure discharge lamp lighting device compris-
ng:

a DC power supply circuit that i1s supplied with a DC
voltage and performs current control to supply a prede-
termined constant power to a high pressure discharge
lamp;

an mverter that converts an output current of the DC power
supply circuit into an AC current having a predetermined
frequency and supplies a driving current to the high
pressure discharge lamp; and

a control unit that controls the DC power supply circuit and
the 1nverter,

wherein the control unit superposes a current pulse asyn-
chronous with the driving current on the driving current.

2. The high pressure discharge lamp lighting device
according to claim 1,

wherein the control unit adjusts the width and/or height of
the current pulse according to the power supplied to the
high pressure discharge lamp.

3. The high pressure discharge lamp lighting device

according to claim 1,

wherein the control unit includes a frequency regulator for
setting the frequency of the current pulse, and

the control unit sets the frequency of the current pulse on
the basis of the frequency set by the frequency regulator.

4. The high pressure discharge lamp lighting device
according to claim 1,

wherein the control unit superposes the current pulse onthe
second half of the pulse width of the driving current.

5. The high pressure discharge lamp lighting device

according to claim 4,

wherein the control umit randomly superposes the current
pulse on the second half of the pulse width of the driving
current.

6. The discharge lamp lighting device according to claim 4,

wherein the control unit generates a reference pulse for
generating the current pulse, blocks a portion of the
reference pulse corresponding to the first half of the
pulse width of the driving current, and superposes the
current pulse on the second half of the pulse width of the
driving current on the basis of the other portions of the
reference pulse that are not blocked.

7. A projector comprising;:

a high pressure discharge lamp;

the high pressure discharge lamp lighting device according
to claim 1;

liquid crystal display panels;

an optical system that guides light emitted from the high
pressure discharge lamp to the liquid crystal display
panels; and

a projecting unit that projects images displayed on the
liquid crystal display panels onto a screen,

wherein the frequency of a current pulse of the high pres-
sure discharge lamp lighting device 1s ditierent from the
frequencies of vertical synchronization signals of the
liquad crystal display panels.
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